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On-line structural damage detection is an important and meaningful subject. 
What’s more, on-line structural damage detection under unknown excitation is a 
challenging task. Great majority of structural damage identification methods just 
identify parameters in terms of time invariant systems, while they haven’t completed 
the subject of tracking the change of time-varying system parameters in real time. 
In chapter two of this paper, a time-domain method is proposed for on-line 
damage detection of time-varying system using partial measurements of acceleration 
responses under unknown excitation. The algorithm is based on the fact that the 
abrupt change of the element stiffness results in the immediate sharp discontinuities 
only in the local acceleration responses of the degraded element. The identification 
process consists of three stages. In stage one, extended Kalman estimator is adopted 
for the recursive estimation of structural state and parametric vectors. Then the 
unknown external excitation can be estimated through least squares estimation. Then, 
the time instant and possible locations of the abrupt degradation of structural stiffness 
are detected from the error square of measured data with estimated values in stage two. 
In stage three, the exact locations and extents of structural stiffness degradation are 
determined by solving a constrained optimization problem and the structural stiffness 
parameters are updated in real time for continuous on-line identification. Finally, the 
numerical simulation and experimental verification through a 3-story steel shear 
frame damage detection experiment conducted by professor Chin-Hsiung Loh from 
Taiwan University prove that the proposed algorithm can track the degradation of 
structural stiffness on-line effectively under unknown external excitation using only 
partial observations of structural acceleration responses polluted by measurement 
noise. 
With the improving of DOFs, the identification of a whole structure will be much 
more complicate, inefficient and imprecise. Thusly, substructure approach is 
introduced in chapter three of this paper. A whole structure with many DOFs is 
divided into several relatively independent substructures which share the same nodes. 
Then the damage identification can be implemented by the identification of several 
















unknown excitation impacted on the substructures which can be determined by the 
identified state and parametric vectors without measuring the acceleration responses 
of the DOFs between substructures. As a result, the difficulty and cost of the 
arrangement of accelerators are both reduced at the same time. A large truss which is 
divided into two substructures is provided to demonstrate the effectiveness and 
reliability of the proposed algorithm. 
Majority of structural health monitoring system and vibration control system are 
implemented individually while not conducted on-line in the meantime. The 
performance of vibration control may be affected by the time-varying structural 
parameters due to construction and long-time serving. In addition, it isn’t economical 
to implement the two systems separately. In order to solve the problem, a new 
time-domain approach of on-line integration of structural damage detection and 
instantaneous optimal control is proposed in chapter four in this paper. On the 
condition of partial observing acceleration responses, the approach can not only 
complete on-line system identification including dynamic responses, structural 
parameters and unknown excitation, but also track time-varying parameters and 
update the original system in real time, then vibration control according to 
instantaneous optimal control algorithm is conducted based on the updated system. 
The purpose of on-line structural damage tracking and vibration control can be 
achieved through the proposed method. Numerical simulation based on a six-story 
shear frame under known and unknown excitations is provided to demonstrate the 
effectiveness and reliability of the proposed algorithm.  
Key words: Extended Kalman Estimator  On-line Damage Detection   














厦门大学硕士学位论文                                                                目录 
   
目录 
 
第一章 绪论 ............................................. 1 
1.1 研究背景及意义 ....................................................... 1 
1.2 本论文相关问题的研究现状 ............................................. 2 
1.2.1 结构损伤识别的若干研究现状 ..................................... 4 
1.2.2 结构实时损伤诊断的若干研究现状 ................................. 5 
1.2.3 未知激励下结构损伤识别的若干研究现状 ........................... 6 
1.2.4 子结构方法的若干研究现状 ....................................... 8 
1.2.5 结构损伤识别与振动控制实时相结合的新方法的若干研究现状 ......... 9 
1.3 本文研究内容及创新点 ................................................ 11 
第二章 未知激励下结构实时损伤诊断 ...................... 14 
2.1 未知激励下实时损伤诊断算法 .......................................... 14 
2.1.1 第一阶段 ...................................................... 15 
2.1.2 第二阶段 ...................................................... 17 
2.1.3 第三阶段 ...................................................... 19 
2.2 数值算例 ............................................................ 22 
2.2.1 八层平面剪切框架 .............................................. 22 
2.2.2 小型平面桁架 .................................................. 34 
2.3 三层钢框架的损伤识别实验 ............................................ 41 
2.4 本章主要内容及创新点小结 ............................................ 45 
第三章 未知激励下子结构系统的实时损伤诊断 .............. 47 
3.1 基于子结构方法的实时损伤诊断算法 .................................... 48 
3.1.1 第一阶段 ...................................................... 48 
3.1.2 第二阶段 ...................................................... 50 
3.1.3 第三阶段 ...................................................... 51 
3.2  子结构系统的损伤识别流程图 ......................................... 52 
3.3 数值算例 ............................................................ 53 
3.4 本章主要内容及创新点小结 ............................................ 61 
第四章 结构损伤识别和振动控制实时相结合的综合方法 ...... 62 
4.1 瞬时最优控制理论 .................................................... 63 
4.2 损伤识别和振动控制实时相结合的算法 .................................. 65 
4.2.1 未知激励下系统参数识别算法 .................................... 66 
4.2.2 振动控制 ...................................................... 67 
4.2.3 未知激励下结构实时损伤识别算法 ................................ 68 
4.2.4 流程图 ........................................................ 69 
4.3 数值算例 ............................................................ 70 
4.3.1 已知地震激励下六层平面剪切框架 ................................ 70 













厦门大学硕士学位论文                                                                目录 
   
4.4 本章主要内容及创新点小结 ............................................ 80 
第五章 总结与展望 ...................................... 82 
5.1 内容小结 ............................................................ 82 
5.2 创新点总结 .......................................................... 83 
5.3 展望 ................................................................ 84 
参考文献 ............................................... 85 














厦门大学硕士学位论文                                                                目录 
  
CONTENTS 
Chapter 1 Introduction ........................................................................... 1 
1.1 Research background and significance ............................................................................... 1 
1.2 Research of associated issues .............................................................................................. 2 
1.2.1 Partial research of structural damage detection techniques ...................................... 4 
1.2.2 Partial research of on-line structural damage detection techniques ......................... 5 
1.2.3 Partial research of structural damage identification under unknown excitation ....... 6 
1.2.4 Partial research of substructure identification .......................................................... 8 
1.2.5 Partial research of on-line integrated structural damage detection and vibration 
control ............................................................................................................................... 9 
1.3 Main contents and innovation points ................................................................................ 11 
Chapter 2 On-line structural damage detection under unknown 
excitation .................................................................................................. 14 
2.1 On-line damage detection under unknown exitation ......................................................... 14 
2.1.1 Stage one ................................................................................................................ 15 
2.1.1 Stage two ................................................................................................................ 17 
2.1.1 Stage three .............................................................................................................. 19 
2.2 Numerical example ........................................................................................................... 22 
2.2.1 8-story shear frame structure  ................................................................................ 22 
2.2.2 Small size truss ....................................................................................................... 34 
2.3 Experiment of a 3-story steel frame structure ................................................................... 41 
2.4 Main contents and innovation points ................................................................................ 45 
 Chapter 3 On-line structural damage detection for substructure 
under unknown excitation ...................................................................... 47 
3.1 On-line damage detection with substructure method ........................................................ 48 
3.1.1  Stage one ............................................................................................................. 48 
3.1.2  Stage two ............................................................................................................. 50 













厦门大学硕士学位论文                                                                目录 
  
3.2 Process of damage detection for substructure ................................................................... 52 
3.3 Numerical example ........................................................................................................... 53 
3.4 Main contents and innovation points ................................................................................ 61 
 Chapter 4 On-line integration of structural damage detection and 
vibration control ...................................................................................... 62 
4.1 Thesis of instantaneous optimal control ............................................................................ 63 
4.2 Algorithm of on-line integrated damage detection and vibration control ......................... 65  
4.2.1 System identification under unknown excitation ................................................... 66 
4.2.2 Vibration control .................................................................................................... 67 
4.2.3 On-line damage detection under unknown excitation ............................................ 68 
4.2.4 Flow chart .............................................................................................................. 69 
4.3 Numerical example ........................................................................................................... 70 
4.3.1 6-story shear frame structure under known seismic excitation .............................. 70 
4.3.2 6-story shear frame structure under unknown white noise excitation .................... 77 
4.4 Main contents and innovation points ................................................................................ 80 
 Chapter 5 Summary and Outlook ..................................................... 82 
5.1 Summary of contents ........................................................................................................ 82 
5.2 Summary of innovation points .......................................................................................... 83 
5.3 Outlook ............................................................................................................................. 84 
Reference ................................................................................................ 85 








































甚至倒塌。1976 年唐山大地震，死亡人数 24 万，直接经济损失达几十个亿。2008
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